This paper describes a simple 2D beam-rastering system to uniformly spread a 100-mA 6.7-MeV cw proton beam over a 50-cm by 50-cm beam stop. The basic circuit uses a 20-mF capacitor bank, a IGBT (insulated gate bipolar transistor) full-wave inverter, and a 1-mH ferrite dipole magnet to produce a f 500-Gauss peak triangularwaveform deflection field at 500 Hz. A dc input voltage of 200 volts at 2.6 amps (520 watts) produces a 160-ampere peak-to-peak triangular current waveform in the ferrite magnet at 500 Hz. For dual-axis rastering, two ferrite dipoles are used, one at 500 Hz, and the other at 575 Hz, to produce a uniform 2D beam distribution at the beam stop.
INTRODUCTION
High energy particle beams, if narrowly focused, can exceed the power density limitations of the beam stop. Currently, there are several approaches available to diffuse the energy of the beam across the beam stop. One technique involves defocusing the beam. Another is to raster the beam across the beam stop to reduce the peak power at any one location. This paper describes a design for a beam-rastering system comprised of a ferrite-dipole magnet and triangle current-wave modulator. In the complete system, both the x-and y-axes will be rastered. To date, one system has been designed, built, and tested at full current at the required frequencies of 500 Hz and 575 Hz. These frequencies were determined empirically to provide uniform power distribution over the beam stop.
MAGNET
The magnet is approximately 20 cm (W) by 23 cm (H) by 30 cm (L) with an 8-cm by 8-cm aperture. With a 40-turn coil, the inductance is about 1.1 mH. At 80 A, the field inside the bore is 500 G. Fig. 1 is a picture of the first magnet developed to prove the concept. 
MODULATOR
The modulator uses two International Rectifier halfbridge IGBT modules configured into an H-bridge as shown in Fig 
SYSTEM OPERATION
The modulator has been tested and operated successfully at both 500 and 575 Hz. The data shown and included in this paper are at 500 Hz. Several tests were run on the system including measuring the total power dissipation as a function of output current, power dissipation as a function of frequency, the output current levels, and the magnetic field levels inside the magnet. A typical magnet current waveform is shown in Fig. 4 . In this figure, the modulator was operating at 200-V dc, 2.6-A dc, and yielded a magnet current of 162 A p-p. The measurement equipment consisted of a Pearson #lo1 current transformer (100 N V ) and a Tektronix TDS-340A oscilloscope. Current measurements were also done using a Pearson #3025 with 40 A N sensitivity.
To measure the quality of the magnetic field inside the magnet, a B-dot (dB/dt) loop was used. The B-dot voltage signal is shown in Fig.  5 along with a superimposed current waveform for timing and reference purposes. The risetime of the B-dot signal is about 2 ps.
The B-dot loop consisted of a one-turn wire loop in the magnet aperture with a cross-sectional area of about 124 cm'. Overshoot in the B-dot is due to eddy currents in the copper magnet coil. The L/R droop is also observable. Both effects have been simulated and confirmed with SPICE simulations. The circuit shown in Fig. 2 was operated and power dissipation data were taken. This data is shown Fig. 6 . The expected rastering pattern for two rastering magnets operating at 500 and 575 Hz, and 1000 gauss pp is shown in Fig. 7 . The beam-spot rms width should Fig. 7 Plot of the rastering pattern from two rastering magnets operating at 500 and 575 Hz.
be at least half the spacing between the traces to achieve k 5% uniformity in beam power density. Because of eddy-current limitations, a ceramic beam tube is required. The inner surface should have a one skin-depth metalization to carry the beam image currents.
CONCLUSIONS
The basic concept of using IGBT switches to create a triangular current waveform in a raster magnet works well. Two rastering magnets operating at non-harmonic frequencies will provide a uniform 2D rastering pattern. The 40-turn magnet coil will be redesigned to reduce the eddy-current losses and the L/R droop.
